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(54) Backing plate with fiction material retention members and method and apparatus lor 
manufacturing same 



(57) A backing plate (24) for a friction assembly (20) 
includes a body having a first surface (28) and a second 
surface (30) and a thickness defined therebetween. One 
' or more retention members (32) are provided on the first 
surface (28) for engaging a friction material (22) mount- 



ed thereon. Each retention member (32) has an extrud- 
ed protrusion (42) and an groove (40). The extruded pro- 
trusion (42) has a generally constant width and a free 
curved distal end (42b). The groove (40) has a bottom 
wall having an inclined section (40a) and a flat section 
(40b). 
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Description 

Field of the Invention 

[0001] This invention relates to friction assemblies 
suitably used with brakes on vehicles, anfi more partic-' 
ularly to a backing plate and method and apparatus for 
manufacturing the sarrje. 

Background of the Invention 

[0002] A friction assembly is a replaceable element in 
a brake system. In a disk brake,, a friction assembly 
bears against a rotating disc called a rotor. The friction 
assembly comprises a backing plate to which a friction 
pad is adhered. The friction pad alone contacts the rotor 
of the disc brake to provide the stopping friction al force. 
Significant forces are involved in applying the pad to the 
rotor, and due to the relative movement during engage- 
ment, extreme heat can be generated, and the temper- 
ature of the friction material and/or backing plate may 
reach up to about 1200°F. Moreover, depending upon 
the size and/or the payload carried by certain vehicles, 
the friction assembly may also be subject to significant 
pressure and vibration when stopping the vehicle. It is 
very important that the backing plate be resistant to 
bending or breaking due to high pressure, temperature 
and vibration when stopping vehicles. 
[0003] Typically, backing plates are modified to in- 
clude bores, cavities, gouges or protuberances to re- 
ceive and engage the friction material. These modifica- 
tions generally improve engagement with a friction ma- 
terial. However, the costs associated with manufactur- 
ing backing plates with such modifications can often be 
prohibitive. It Is therefore desirable to provide a backing 
plate having improved engagement with a friction ma- 
terial and that can be manufactured without undue cost. 

Summary of the invention 



[0004] The present invention uses one or more reten- 
tion members formed on a surface of a backing plate for 
engaging a friction material. Each retention member 
comprises an extruded protrusion and an associated 
groove having a bottom that includes a flat portion and 
an angled wall. By associated, it is meant that each pro- 
trusion Is adjacent to, or in close proximity with, the 
groove. As further described below, each protrusion is 
formed from material extruded from the backing plate 
during preparation of each groove. 
[0005] In accordance with an embodiment of the in- 
vention, there is provided a backing plate for a friction 
assembly. The backing plate comprises a body and one 
or more retention members. The body has a first surface 
for receiving a friction material thereon and a second 
surface opposed to the first surface, the space between 
the first and second surfaces comprising the thickness 
of the backing plate. The one or more retention mem- 



bers are defined on the first surface. Each retention 
member has a protrusion extending outwardly away 
from the first surface of the body, the protrusion having 
a proximal -end connected to the first surface and a free 

5 distal end. The protrusion has a generally constant width 
from the proximal end to the distalend. There is a groove 
associated with the protrusion, defined In the first sur- 
face of the body, and the groove extends from a position 
on the first surface of the body to about the proximal end 

10 of the protrusion, the groove having a bottom wall having 
an inclined section extending at an angle relative to the 
first surface and a flat section generally parallel to the 
first surface. The groove further has a generally con- 
stant width that generally corresponds to the width of 

is the protrusion. 

[0006] In accordance with another aspect of the in- 
vention, there is provided a friction assembly comprising 
the backing piate and a friction material mounted on the 
backing plate with the friction material engaged with the 

20 at least one retention member present on the first sur- 
face of the backing plate. 

[0007] In accordance with another aspect of the in- 
vention, there is provided a method for making a backing 
plate for a friction assembly. The method comprises the 
25 steps of: pressing, against a first surface of a backing 
plate material, an extrusion tool having an extrusion 
edge and a curved shoulder above the extrusion edge; 
guiding the extrusion tool at an angle towards a second 
surface of the backing plate material opposite to the first 
30 surface for a first predetermined distance, and then gen- 
erally parallel to the first surface of the backing plate ma- 
terial for a second predetermined distance; and extrud- 
ing, while guiding the extrusion tool, a portion of the 
backing plate material to form a retention member which 
35 comprises a protrusion having a curved end formed 
along the curved shoulder of the extrusion tool, and a 
groove associated with the protrusion and having a bot- 
tom wall that has an inclined section and a flat section. 
[0008] In accordance with another aspect of the in- 
40 vention, there is provided a method for forming a back- 
ing plate for a friction assembly. The method comprises 
the steps of: modifying a surface of a backing plate ma- 
terial to form one or more retention members on the sur- 
face for enhancing retention of a friction material mount- 
45 ed on the backing plate when the friction assembly is in 
use; and blanking a backing plate from the backing plate 
material after performing the modifying step. 
[0009] In accordance with another aspect of the in- 
vention, there is provided a backing plate manufacturing 
so apparatus for manufacturing a backing plate for a friction 
assembly. The backing plate manufacturing apparatus 
comprises an extrusion station for forming one or more 
retention members on a backing plate material. The 
backing plate material has a first surface for receiving a 
55 friction material, and a second surface opposite to the 
first surface, the distance between the first and second 
surfaces comprising the thickness of the material. The 
extrusion station has multiple extrusion tools, each hav- 
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ing one or more extrusion edges and 
[001 0] corresponding curved shoulders above the ex- 
trusion edges; and a mechanism for moving the extru- 
sion tools such that each extrusion edge moves from a 
position on the first surface towards the second surface 
at an angle for a first predetermined distance, and then 
generally parallel to the first surface for a second pre- 
determined distance. 

[0011] In accordance with another aspect of the in- 
vention, there is provided an extrusion tool for extruding 
a portion of a backing plate material for forming a reten- 
tion member on a surface of the backing plate. The ex- 
trusion tool comprises an extrusion edge for pushing a 
portion of the backing plate material; a curved shoulder 
provided continuously from the extrusion edge to form 
a curved protrusion end; and an oblong hole defined in 
the extrusion tool, the oblong hole providing upper and 
lower walls inclined at an angle for moving the extrusion 
tool at the angle. 

Brief Description of the Drawings 

[0012] For a better understanding of the present in- 
vention, and to show more clearly how it may be carried 
into effect, reference will now be made by way of exam- 
ple to the accompanying drawings/The drawings show 
preferred embodiments of the present invention, in 
which: 

Fig. 1 is a perspective view of a friction assembly in 
accordance with an embodiment of the present in- 
vention; 

Fig. 2 is a perspective view of a backing plate for 
the friction assembly of Fig. 1; 
Fig. 3 shows a cross-section of the backing plate of 
Fig. 2 along line 3-3; 

Fig. 4A is an enlarged perspective view of a reten- 
tion member on the backing plate of Fig. 2; 
Fig. 4B is a side view of the retention member for 
the backing plate of Fig. 4A; 
Fig. 5 is a perspective view of a backing plate ac- 
cording to another embodiment of the invention; 
Fig. 6 is a schematic cross-sectional side view of a 
backing plate manufacturing apparatus in accord- 
ance with an embodiment of the present invention; 
Fig. 7A is a schematic cross-sectional section view 
of an extrusion station for forming retention mem- 
bers at a die open position; 
Fig. 7B is a schematic cross-sectional view of the 
extrusion station at a die close position; 
Figs. 8A, 8B and 8C are schematic partial views of 
an extrusion tool and a plate material showing steps 
of extrusion; 

Fig. 9 is a schematic diagram of side and front views 
of extrusion tools; and 

Fig. 10 is a schematic cross-sectional side view of 
an impression station and a blanking station. 



Detailed Description of the Preferred Embodiments 

[0013] An embodiment of the present Invention pro- 
vides a backing plate with one or more retention mem- 
5 bers for engaging a friction material. Each retention 
member comprises an extruded protrusion and an as- 
sociated groove adjacent to the protrusion. The groove 
has an elongated shape and a generally constant width. 
It has a bottom wall having an Inclined section and a 
10 generally flat section! The protrusion has a generally 
constant width from a proximal end to a free distal end. 
The width of the protrusion generally corresponds to the 
width of the adjacent groove. The protrusion extends 
outwardly away from the surface of the backing plate, . 
15 and has a curved shape formed by the shape of an ex- 
truding tool. 

[0014] The backing plate of this embodiment is in- 
tended for use with a disc brake. However, the present 
. invention may be applied to different. types of brakes 
20 with or without suitable modifications. 

[001 5] The invention will now be described with refer- 
ence to the Figures, wherein like reference numerals In- 
dicate like elements. It is to be noted that the Figures 
are drawn to more clearly show certain structural as- 
25 pects of the invention, andtherefore may not be to scale. 
[0016] Fig. 1 generally shows a friction assembly 20 
in accordance with an embodiment of the present inven- 
tion. Friction assembly 20 includes a friction material 22 
and a backing plate 24. 
30 [0017] Friction material 22 can be any suitable mate- 
rial which provides braking properties. In one embodi- 
ment, the friction material is made of phenolic resin with 
iron powder, steel or carbon fibers, and/or carbon pow- 
der. Friction material 22 is mounted on backing plate 24, 
35 e.g., molded in a known manner to backing plate 24. 
[0018] Backing plate 24 is formed of metal, a metal 
composite or any other material that is suitable for the 
intended use of the friction assembly 20 and that may 
be processed in accordance with the method described 
40 below. Backing plate 24 is of a conventional shape and 
thickness, and may include apertures and other struc- 
tural elements known in the art to permit the backing 
plate to be incorporated within a brake assembly (not 
shown). 

45 [0019] Referring to Figs. 2-4B, backing plate 24 is fur- 
ther described in detail. 

[0020] Backing plate 24 has a body 26 with a planar 
top or first surface 28 and an opposing planar bottom or 
second surface 30. The space between the first 28 and 
so second 30 surfaces comprising the thickness of the 
backing plate 24. First surface 28 includes multiple re- 
tention members 32 for engaging friction material 22 
once the friction material has been disposed on first sur- 
face 28. 

55 [0021] As shown in Fig. 3, each retention member 32 
comprises a groove 40 and a protrusion 42 adjacent to 
the groove 40. Groove 40 is defined in first surface 28 
of plate body 26 adjacent to associated protrusion 42. 
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Protrusion 42 protrudes outwardly from the first surface ' 
28 of plate body 26. . . 

[0022] Protruding portion 42 is formed by an extrusion 
process, as further; described below. As best seen in 
Figs. 4A and 4B, extruded portions 42 extend outwardly 
away from first surface 28, i.e., upwardly 6\bove first sur-' 
face 28 in Fig. 4B. Protrusion 42 has a proximal end 42a 
and a free distal end 4^b. Protrusion 42 has a generally 
constant width from the proximal end 42a to the distal 
end 42b. Protrusion 42 typically has a'width in the range 
of about 0.08 inches to about 0.10 inches. 
[0023] Protrusion 42 is thicker at the proximal end 
42a. The thickness diminishes towards free distal end 
42b. The thickness at proximal end 42a is typically in 
the range of about 0.03 Inches to about 0.06 inches. 
[0024] Protrusion 42 may be curved or rounded along 
its length from proximal end 42a to free distal end 42b 
in a direction away from neighbouring groove 40. This 
curvature forms a longer convex wall 42c and a shorter 
concave wall 42d between proximal end 42a and distal 
end 42b. Longer convex wall 42c starts from an end of 
the bottom wall of adjacent groove 40 at an angle p with 
respect to a plane perpendicular to first surface 28 of 
body 26. The angle p is typically in the range of about 5 
degrees to 1 0 degrees. Shorter concave wall 42d starts 
from a point on first surface 28 of plate body 26 near the 
end of the bottom wall of associated groove 40. Thus, 
protrusion 42 presents in general a distorted semi-trian- 
gular cross-section with free end 42b, convex side wall 
42c, and concave side wall 42d. The curved free end 
42b is in a linear. relationship with the body of extruded 
portion 42 and neighbouring groove 40, i.e., extruded 
portion 42 is not rotated or twisted. 
[0025] Extruded portions 42 are an integral part of 
backing plate 24 and are formed from the material dis- 
placed from adjacent grooves 40 during the extrusion 
process. Proximal end 42a is integrally connected to first 
surface 28 of the plate body 26 such that the bottom end 
of convex-wall 42c merges into the end of the bottom 
wall of associated groove 40 and the bottom end of the 
concave wall 42d merges into first surface 28. 
[0026] Extruded portion 42 can be any suitable height 
so long as the extruded portion can adequately adhere 
to or retain the friction material 22 and withstand the 
force and vibrations applied during breaking. The ex- 
truded portion preferably has a height of between about 
0.03 - 0.075 inches above first surface 28 for backing 
plates for regular passenger vehicles. For larger vehi- 
cles, it is typically desirable to have higher extruded por- 
tions 42, for example, about 0.100 inch. 
[0027] Groove 40 has an elongated shape with a gen- 
erally constant width. The width generally corresponds 
to the width of associated protrusion 42. Groove 40 has 
a bottom wall that comprises an inclined section 40a and 
a flat section 40b along Its length. Flat section 40b is 
generally parallel to first surface 28. Inclined section 40a 
starts from a point on first surface 28 and inclines inward 
of the plate body 26 at an angle a from a plane parallel 



to the first surface 28 towards an end of flat section 40b. 
Although the angle a is typically between about 10 to 20 
degrees, a can be any suitable degree. This angle Is 
more clearly shown in Fig. 4B, and is the angle a formed 
5 between a plane parallel to the first surface 28 and the 
inclined section 40a. The other end of flat section 40b 
is located at the proximal end 42a of the protrusion 42 
as described above. It is typical to form Inclined section 
40a and the f la) section 40b in a ratio of lengths between 
10 1 to 1 and 2 to 1 . The dimensions of the grooves are not 
critical. A groove will typically have a depth in the range 
of about 0.01 inches to about 0.03 inches, a width in the 
range of about 0.08 inches to about 0.10 inches, and a 
totai length in the range of about 0.12 inches to about 
is 0.22 inches. 

[0028] When friction assembly 20 is in use, it will re- 
ceive a major shear force in a predetermined direction. 
For backing plate 24 shown in Figs. 2 and 3, the prede- 
termined direction in which the major shearforce occurs 
20 is along the length of backing plate 24 or a force receiv- 
ing axis 34, as indicated in Fig. 3. It is preferable that 
each retention member 32 is provided such that the 
groove 40 extends generally along the width of backing 
plate 24 or an axis 36 perpendicular to force receiving 
25 axis 34. This orientation of retention members 32 allows 
the use of a smaller manufacturing apparatus to create 
retention members 32 in a group along perpendicular 
axis 36 as described below, compared to a conventional 
apparatus which moves surface modifying blades a 
30 longer distance along the force receiving direction of a 
backing plate. However, in different embodiments, re- 
tention members 32 may be oriented differently. 
[0029] Retention members 32 are arranged on first 
surface 28 of backing plate 24 in a density and pattern 
35 that provides desired retention of friction material 22 
while maintaining structural integrity of backing plate 24. 
Retention members 32 may be distributed randomly 
over the first surface 28. For the purposes of efficient 
manufacturing, it is preferable to arrange the retention 
40 members 32 to form multiple groups oriented along the 
perpendicular axis 36, as shown in Fig. 3. Each group, 
may have one or more retention members 32. Different 
groups may have different numbers of retention mem- 
bers 32. In the direction of the friction force receiving 
45 axis 34, there is no regular pattern of rows formed by 
retention members 32. In the embodiment shown in the 
Figures, neighbouring groups are closely provided next 
to each other in a column format, and retention mem- 
bers 32 within a single column are spaced apart from 
so each other. Alternative embodiments of the invention 
may nevertheless have the retention members ar- 
ranged in a different manner than as illustrated in the 
Figures. 

[0030] Extruded protrusions 42 are typically curved in 
55 opposite directions in alternating neighbouring groups 
as shown in Figs. 2 and 3. 

[0031 ] Typically, backing plates are manufactured us- 
ing oils for smooth machine handling. These oils need 
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to be washed off prior to mounting friction materials on 
to the backing plates for secure attachment of the friction 
materials. According to certain conventional tech- 
niques, protrusions or burrs are cut or scored out from 
a plate surface and thus are fragile. Backing plates hav- 
ing such burrs require manual washing of each plate to 
avoid breakage of the fragile burrs. However, manual 
washing often does not remove oils sufficiently. Thus, it 
is typically necessary to use an adhesive on such back- 
ing plates to improve retention of the friction materials. 
Also, fragile burrs require careful handling of backing 
plates prior to attachment of the friction materials, in- 
cluding the use of cushioning materials between plates 
during transportation or storage. 
[0032] By contrast, retention members 32 according 
to the embodiment shown in Figs. 2 and 3 have wide 
and strong protrusions .42. Thus, the backing plate 24 
can be washed efficiently using a tumbling washing ma- 
chine. Machine washing typically results in cleaner sur- 
faces than manual washing. Thus, the need for use of 
an adhesive on backing plate surface 28 can be reduced 
or even eliminated for certain applications, such as for 
a brake assembly for a standard passenger car. Also, 
these strong protrusions 42 allow easy handling of back- 
ing plates 24 during transportation and storage. 
[0033] Figure 5 shows a backing plate 50 in accord- 
ance with another embodiment of the invention. Backing 
plate 50 is similar to backing plate 24 shown in Figs: 2 
and 3, and similar elements are shown with the same 
reference numerals. In addition to retention members 
' 32, backing plate 50 is provided with multiple impres- 
• sions 52 to further increase the retention surface area 
of the backing plate when a friction material is mounted, 
and improve the retention strength of the friction mate- 
rial against shear forces during use. 
[0034] Impressions 52 are provided over grooves 40 
bridging several retention members 42, Impressions 52 
may bridge any number of retention members 42 or may 
be provided on a single retention member 42. It is not 
necessary that all retention members 42 are provided 
with impressions 52. Also, one or more impressions 52 
may be provided in an area on the first surface 28 where 
no retention member is formed. 
[0035] Impressions 52 shown in Fig. 5 are generally 
uniform and each has an elongated groove-like shape 
with a smooth fiat bottom. However, different impres- 
sions 52 may have different shapes that are suitable to 
provide additional surfaces that may contribute to the 
retention of the friction member. Each impression 52 is 
preferably deeper than groove 40 over which impres- 
sion 52 is formed. The bottom of impression 52 may be 
flat, smoothly curved or formed with multiple surfaces. 
[0036] Retention members 32 are formed using an 
extrusion technique. The retention members 32 may be 
formed either on a plate blanked in the general shape 
of the desired backing plate, or on a strip of incoming 
plate material which is being fed into a blanking die. 
[0037] The creation of retention members 32 on a 



blanked plate tends to change the dimensions of the 
plate, especially in the direction of the formation of 
grooves 40. For backing plate 24 shown in Figs. 2 and 
3, precise dimensions are typically critical in the direc- 
5 tion of the force receiving axis 34 and around the two 
ends to complete a brake assembly. On the other hand, 
some degree of dimensional variation is typically ac- 
ceptable In the direction of perpendicular axis 36. As 
grooves 40 are to be formed generally along perpendic- 
10 ular axis 36 in this embodiment, retention members 32 
can be formed on a blanked plate without necessitating 
post-adjustment of the dimensions of the plate 24. 
[0038] The creation of impressions 52 6hown in Fig. 
5 often causes expansion of the plate 50 in several di- - . 
15 rections. Accordingly, it is advantageous to form reten-. 
tion members 32 on a strip of plate material and then to 
blank backing plates out of the strip. By blanking after 
the surface modification, backing plates 50 of precise 
dimensions can be efficiently manufactured. - - - 
20 [0039] The manufacturing process used to prepare 
the claimed backing plate will now be described with ref- 
erence to Figures 6-10. 

[0040] Fig. 6 illustrates a general view of a backing 
plate manufacturing apparatus 60 in accordance with an 
25 embodiment of the invention. Backing plate manufac- 
turing apparatus 60 can be suitably used to manufacture 
backing plates 50 having retention members 32 and im- 
pressions 52 on a strip of plate material 90. 
[0041] Backing plate manufacturing apparatus 60 
30 comprises an extrusion station 100, an impression sta- 
tion 150 and a blanking station 180. When all stations 
are to be used, it is advantageous to provide these sta- 
tions in this order to obtain backing plates of precise di- 
mensions. When impressions 52 are not required, back- 
35 ing plate manufacturing apparatus 60 does not need to 
include the impression station 150. In that case, in place 
of a strip of plate material 90, blanked plates may be fed 
into the extrusion station 1 00, and blanking station 1 80 
can be omitted from backing plate manufacturing appa- 
40 ratus 60. 

[0042] Backing plate manufacturing apparatus 60 has 
a top die shoe 61 and a bottom die shoe 62. Top die 
shoe 61 is moved downwardly and upwardly by a press 
(not shown). Top and bottom die shoes 61 , 62 are com- 
45 monly used by extrusion station 1 00, impression station 
150 and blanking station 180. Thus, synchronized op- 
eration of these stations 100, 150 and 180 can be 
achieved. Instead of using common die shoes, the sta- 
tions 1 00, 1 50 and 1 80 may use separate die shoes and/ 
50 or presses and a separate synchronizing mechanism 
may be provided. In other embodiments, each station 
may be operated independently from the other stations. 
[0043] Referring now to Figs. 7A and 7B, extrusion 
station 100 is described further. Extrusion station 100 
55 comprises a press die 101 having an upper die 101 a 
and a bottom die 101b. Upper die 101 a includes upper 
die shoe 61. Upper die 101 a holds extrusion tool as- 
sembly 120. 
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[0044] Extrusion tool assembly 120 includes a set of 
extrusion tools 1 1 0. It is preferable that the set of extru- 
sion tools 110 Is arranged such that a single stroke of 
the press can form on the plate material all desired re- 
tention members 42 for a backing plate. 
[0045] Each extrusion tool 110 can be made shorter 
or longer, resulting in a correspondingly smaller or larger 
extrusion tool assembly 120. As described above, in this 
embodiment, each extrusion tool 110 forms a relatively 
short group of retention members 32', and accordingly, 
a small extrusion tool assembly 120 can be used. Ad- 
vantageously, when an extrusion edge is broken or warn 
out, extrusion tool 110 can be exchanged easily as it is 
relatively small and inexpensive. - 
[0046] Referring to Fig. 7A, extrusion tool assembly 
120 has top cover 105, housing 106 and bottom cover 
107. The set of extrusion tools 110 is accommodated in 
housing 1 06 and supported by top cover. 1 05 from the 
upper end and by bottom cover 1 07 from the lower end. 
Housing 106 is wider than extrusion tools 110 such that 
extrusion tools 110can move horizontally within housing 
1 06. Bottom cover 1 07 has a rim def ining a central hole. 
The rim holds each extrusion tool 110 by its shoulders 
118 while the central hole allows extrusion edges 115 to 
be extended below bottom cover 1 07. Further, extrusion 
tool assembly 1 20 has two pins 1 08 which are provided 
through oblong holes 113 of extrusion tools 110. Pins 
108 are movable with base 102. Thus, in the extrusion 
tool assembly 1 20, there are several extrusion tools 1 1 0 
moving inside of housing 1 06 in the generally horizontal 
direction as guided by two pins 1 08, as further described 
below. There may be more than one group of extrusion 
tools 110 and pins 108 within extrusion tool assembly 
120. 

[0047] Extrusion tool assembly 120 is mounted to 
base plate 102 by screws 111 inside of sleeves 112 
which allow tool assembly 120 to move up and down 
relative to base plate 1 02. Gas springs 1 09 are provided 
from top shoe 61 to push down extrusion tool assembly 
1 20 so that it keeps applying pressure on extrusion edg- 
es 115 against material 90 during the extrusion opera- 
tion. There are two guiding blocks 1 03 and 1 04 mounted 
to base plate 1 02 to slidably secure tool assembly 120. 
[0048] Bottom die 101 b has a flat surface to support 
material 90 thereon. 

[0049] The operation of extrusion station 1 00 is now 
described referring to Figs. 7A-8C. Fig. 7A shows extru- 
sion station 100 when die 101 is in an open position at 
the beginning of the press cycle. Gas springs 109 urge 
extrusion tool assembly 120 down to create a gap 130 
between base 102 and tool assembly 120. The extru- 
sion tools 110 are in position ready to extrude material 
90. The extrusion tool has one or more extrusion edges 
115 and a flat edge 116 in front of each extrusion edge 
115. Additional details regarding the extrusion tool are 
provided further below. 

[0050] When top die 101 a moves down, extrusion 
edges 115 touch the surface of plate material 90 (Fig. 



8A). Due to the pressure imparted by gas springs. 109 
onto extrusion tool assembly 120, extrusion edges 115 
push into the surfaced plate material 90. As top die 1 01 
a continues to move down, pins 108 inside of tool as- 
5 sembly 1 20 move down together with base 1 02 and ap- 
ply a force on lower inclined walls 103a of oblong holes 
1 1 3 on the extrusion tools 110, causing extrusion edges 
115 to advance into plate material 90 at an angle corre- 
sponding to the angle of inclined wall 1 03a. The oblong 
10 holes 1 1 3 on extrusion tools 1 1 0 have different orienta- 
tions to move extrusion tools 110 in different directions, 
i.e., left or right in Figs. 7A and 7B. 
[0051] When top die 101a moves further down, bot- 
tom cover 107 of extrusion tool assembly 120 contacts 
15 with the surface of plate material.90 and rests thereon. 
This prevents extrusion tools 110 from moving further . 
downward, and thus determines the end of inclined sec- 
tion of groove 40. As pins 108 move further downward 
with base 102, extrusion tool 110 cannot go downward 
20 any further and they start to slide in generally horizontal 
directions to form flat section of groove 40. Thus, the 
depth of the groove can be precisely controlled. 
[0052] As the extrusion edges 1 1 5 advance at an an- 
gle and then in a horizontal direction, portions of plate 
25 material 90 are pushed by extrusion edges 115. The 
speed of each extrusion tool 11 0 is adjusted so that ex- 
trusion edges 115 move slow enough such that the por- 
tions of plate material 90 pushed by extrusion edges 115 
can follow the shape of extrusion edges 1 1 5 and curved 
30 edges 1 1 7 (Figs. 8B and 8C). Thus, it is easy to control 
the shape of protrusions 42: This is advantageous over . 
certain conventional apparatus in which cutting tools are 
moved relatively quickly to cut or score a surface portion 
of the plate material so that burrs are curled away from 
35 cutting tools and form a shape that differs from that of 
the cutting edges. 

[0053] In extrusion station 1 00, it is preferable that ex- 
trusion tools 110 are moved at the speed of about 30 
mm/s to 70 mm/s relative to first surface 28 of body 26. 
40 [0054] When the protrusion tools 110 reach atthe bot- 
tom of the press stroke, pins 1 08 reach bottom of oblong 
holes 113 (Fig. 7B). This ends the formation of the flat 
section of grooves 40 and protrusions 42. 
[0055] When upper die 101 a moves up, gas springs 
45 111 remain keeping tool assembly 120 pressed on ma- 
. terial 90 but pins 1 08 move up within oblong holes 113 
of extrusion tools 1 1 0 together with the upper die 1 01 a. 
When pins 108 move upward, they move along upper 
inclined wall 113b. This movement of pins 108 causes 
so positive retraction of extraction tools 110, i.e., each ex- 
traction edge 115 moves first away from its correspond- 
ing protrusion in a generally horizontal direction and 
then moves upward at an angle to retract into housing 
106. Thus, the upward movement of die base 102 does 
55 not damage protrusions 42 or extrusion edges 115. 
[0056] Each extraction tool 1 1 0 is retracted to its orig- 
inal position when the top die 1 01 a reaches the top dead 
centre of the press. 
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At the end of the press cycle, extrusion tools 110 have 
created several groups of retention members 32 ar- 
ranged In columns on the surface of plate material 90. 
When the die 1 01 opens, plate material 90 is fed to start 
a new cycle for a new plate or a new location of the same 
plate. 

[0057] Fig. 9 shows details of two exemplary extru- 
sion tools 110. On extrusion tools 110 there are two ob- 
long holes 1 1 3 within which two pins 1 08 of the extrusion 
apparatus 100 (shown in Figs. 7A and 7B) are movable 
at an angle to a vertical line along the walls of oblong 
holes 113. Oblong holes 113 have lower inclined walls 
1 1 3a and upper inclined walls 1 1 3b. It is desirable to use 
two or more oblong holes 113 and pins 108 for control- 
ling the movement of each extrusion tool 110. 
[0058] Each extrusion tool 110 has a thickness that 
corresponds to the width of the groove 40. Extrusion tool 
1 1 0 has one or more extrusion edges 1 1 5 and a flat edge 
116 in front of each extrusion edge 115. Extrusion tool 
110 also has a shoulder 118 at each side. The number 
of extrusion edges 115 on a specific extrusion tool 110 
depends on how many retention members should be 
formed in a group by the specific extrusion tool. Different 
extrusion tools 110 may have different numbers of ex- 
trusion edges 1 1 5 depending on the location of the par- 
ticular extrusion tools within the tool housing 106. 
[0059] Extrusion edge 1 1 5 and flat edge 1 1 6 are con- 
nected with a curved wall 117. The shape of the extru- 
sion edge 115 and the curved wall 117 determines the 
shape of extruded protrusion 42. The plate material is 
pushed by the extrusion edge 115. The pushed material 
moves forward and upward along the curved wall 117. 
Thus, the shape of the curved wall 117 defines the 
shape of the protrusion 42. Formation of the curved dis- 
tal end of the protrusion 42 is described above referring 
to Figs. 7A-8C. 

[0060] Plate material 90 is advanced while upper die 
101 a is up. If impressions are desired, the section of 
the backing plate having retention members 32 formed 
by extrusion station 100 is then fed into impression sta- 
tion 150. 

[0061] As shown in Fig. 1 0, impression apparatus 1 50 
has a press die having an upper die 1 60a and a bottom 
die 1 60b. Upper die 1 60a is mounted to top die shoe 61 
and supports an impression block 170 by means of 
block holder 1 69 and back up plate 1 68. On the bottom 
surface of impression block 170, impression beads 1 71 
and recessions 172 are provided. Impression beads are 
provided where impressions 52 are to be formed, e.g., 
typically over one or more grooves 40 of retention mem- 
bers 32. Recessions 172 are provided to locations 
where protrusions 42 are formed. Each recession 1 72 
has a depth greater than the height of protrusion 42. 
Lower die 1 60b is mounted on bottom die shoe 62. Low- 
er die 160b has a flat top surface to support plate ma- 
terial 90 from underneath during the impression forming 
operation. 

[0062] In operation, when upper die 160a moves 



down, impression beads 171 are pressed onto the sur- 
face of plate material 90 to form impressions 52 while 
recessions 172 receive protrusions 42 to protect them 
during formation. As lower die 160b has a flat top sur- 
s face, this impression forming operation also flattens the 
lower surface of plate material 90. 
[0063] The section of plate material 90 on which re- 
tention members 32 and impressions 52 are formed Is 
fed into blanking station 180. Fig. 10 also shows blank- 
to ing section 180 which has a press die having an upper 
die 180a and a bottom die 180b. Upper die 180a is 
mounted to top die shoe 61 and supports main punch . 
182 and punch holder 184. Punch holder 184 has hole 
1 85 within which punch 1 82 moved up and down. Punch 
is 1.82 has a shape corresponding to the profile of desired 
backing plate 24. Lower die 1 80b is mounted on bottom 
die shoe 62. Lower die 180b has a flat top surface to 
support plate material 90 from underneath during the 
blanking operation. 
20 [0064] In operation, when upper die 180a moves 
down, main punch 182 is brought onto the surface of 
plate material 90 to blank backing plate 24 from plate 
material. 90. The blanking station 1 80 may use conven- 
tional blanking or fine blanking. 
25 [0065] It is to be understood that what has been de- 
scribed is embodiments to the invention. The invention 
nonetheless is susceptible to certain changes and after- 
native embodiments fully comprehended by the spirit of 
the invention as described above, and the scope of the 
30 claims set out below. 
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1 . A backing plate for a friction assembly, the backing 
plate comprising: 

a body having a first surface for receiving a fric- 
tion material thereon and a second surface op- 
posed to the first surface and defining a thick- 
ness therebetween; and 
one or more retention members defined on the 
first surface, each retention member having: 

a protrusion extending outwardly away 
from the first surface of the body, the pro- 
trusion having a proximal end connected to 
the first surface and a free distal end, and 
the protrusion having a generally constant 
width from the proximal end to the distal 
end; and 

a groove associated with the protrusion, 
defined in the first surface of the body, the 
groove extending from a position on the 
first surface of the body to the proximal end 
of the protrusion, the groove having a bot- 
tom wall having an inclined section extend- 
ing at an angle relative to the first surface 
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and a generally flat section generally par- ' 
allel to the first surface, and the groove fur- 
ther having a width that generally corre- 
sponds to the width of the protrusion. 

2. The backing plate as claimed in clairp 1 , wherein: 

the body has a length along which a major fric- 
tion force is Intended to be applied- when the 
friction assembly is in use, and a width gener- 
ally perpendicular to the length; and 
each retention member is provided on the first 
surface such that the groove extends generally 
along the width of the body. 

3. The backing plate as claimed in claim 2, wherein 
retention members are aligned in one or more 
groups over the first surface along the width of the 
body. 

4. The backing plate as claimed in claim 3 having mul- 
tiple groups of retention members aligned in col- 
umns, wherein one group of retention members ex- 
tends in a predetermined direction and retention 
members in a neighbouring group extend in the op- 
posite direction. 

5. The backing plate as claimed in claim 1 , wherein 
the free distal end of the protrusion is curved away 
from the associated groove. 

6. The backing plate as claimed in claim 1 , wherein 
the protrusion has a thickness that diminishes from 
the proximal end towards the free distal end. 

7. The backing plate as claimed in claim 1 , further 
comprising one or more impressions formed over 
one or more grooves of one or more retention mem- 
bers. 

8. A friction assembly comprising: 

the backing plate of claim 1 ; and 
a friction material mounted on the first surface 
of the backing plate such that the friction mate- 
rial is engaged with the at least one retention 
member. 

9. A method for making a backing plate for a friction 
assembly, the method comprising steps of: 
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for a first predetermined distance, and then 
generally parallel to the first surface of the 
backing plate material for a second predeter- 
mined distance to create a groove having a bot- 
tom wall that has an inclined section and a flat 
section; and 

extruding, while guiding the. extrusion tool, a 
portion of the backing plate material to form a 
retention member which comprises a protru- 
sion having a curved end formed along the 
curved shoulder of the extrusion tool, wherein 
the protrusion is adjacent to the groove. 

10. The method as claimed in claim 1 , wherein the 
pressing step and the guiding step move the extru- 
sion tool at a speed slow enough such that the ex- 
truded portion of the backing plate material grows 
following the curved shoulder of the extrusion tool 
in the extruding step. 



20 



11. The method as claimed in claim 1 , further compris- 
ing the step of retracting the extrusion tool away 
from the protrusion and the associated groove. 

25 12. The method as claimed in claim 1 , wherein 

the backing plate has a length along which a 
major friction force is intended to be applied when 
, the friction assembly is in use, and a width generally 
perpendicular to the length; and 
30 the pressing step and the guiding step move 

the extrusion tool generally along the width of the 
backing plate. 



pressing, against a first surface of a backing 
plate material, an extrusion tool having an ex- 
trusion edge with a curved shoulder above the 
extrusion edge; 

guiding the extrusion tool at an angle from a first 
surface towards a second surface of the back- 
ing plate material opposite to the first surface 



13; The method as claimed in claim 1 , wherein 
35 the pressing step presses multiple extrusion 

tools simultaneously, each extrusion tool having 
one or more extrusion edges, each extrusion edge 
having a curved shoulder; 

the guiding step guides the multiple extrusion 
40 tools simultaneously; and 

the extruding step extrudes portions of the 
backing plate material so as to form multiple reten- 
tion members simultaneously. 

45 1 4. The method as claimed in claim 1 , further compris- 
ing the step of forming one or more impressions 
over one or more grooves of one or more retention 
members. 

so 15. The method as claimed in claim 1 , wherein 

the backing plate material is a strip of plate 
material from which one or more backing plates are 
obtainable; and 

the method further comprises the step of 
55 blanking the backing plate from the backing plate 
material after performing the pressing step, the 
guiding step and the extruding step. 
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16. A backing plate manufacturing apparatus for man- 
ufacturing a backing plate for a friction assembly, 
the backing plate manufacturing apparatus com- 
prising: 

an extrusion station for forming one or more re- 
tention members on a backing plate material, 
the backing plate material having a first surface 
for receiving a friction material and a second 
surface opposite to the first surface and defin- 
ing a thickness therebetween, the extrusion 
station having: 

multiple extrusion tools, each having one 
or more extrusion edges and correspond- 
ing curved shoulders above the extrusion 
edges; and 

a mechanism for moving the extrusion 
tools such that each extrusion edge moves 
from a position on the first surface towards 
the second surface at an angle for a first 
predetermined distance, and then general- 
ly parallel to the first surface for a second 
predetermined distance, to form a reten- 
tion member having a curved end and an 
associated groove having an inclined sec- 
tion and a generally flat section. 

,17. The apparatus as claimed in claim 16, wherein the 
moving mechanism comprises: 

a pressing force transmitter for transmitting a 
pressing force to the extrusion tools towards 
the second surface; 

a sliding mechanism for sliding the extrusion 
tool at the angle in response to the pressing 
force transmitter, and 

a tool holder for stopping advancement of the 
extrusion tools towards the second surface so 
that the sliding mechanism causes the extru- 
sion tool to slide generally parallel to the first 
surface. 
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along the upper and lower walls; and 
an extrusion tool holder for holding the extru- 
sion tools and limiting the distance of move- 
ment of the extrusion tools. 

20. An extrusion tool for extruding a portion of a backing 
plate material for forming a retention member on a 
. surface of the backing plate, the extrusion tool com- 
prising: 

an extrusion edge for pushing a portion of the 
backing plate material; 

a curved shoulder extending from the extrusion 
edge for forming a curved protrusion on the 
backing plate; and 

an oblong hole defined in the extrusion tool, the 
oblong hole providing upper and lower walls in- 
clined at an angle. 
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18. The apparatus as claimed in claim 16, wherein the 
moving mechanism has a speed controlling mech- 
anism for controlling the extrusion tool to move at a 
speed slow enough such that the extruded portion 
of the backing plate material follows the curved 
shoulder of the extrusion tool. 

19. The apparatus as claimed in claim 1 6, wherein the 
moving mechanism comprises: 

an oblong wall provider defined on each extru- 
sion tool, the oblong wall provider providing an 
upper and lower walls inclined at the angle; 
a pressing force transmitting pin provided 
through the oblong wall provider and movable 
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